by Margery W. Shaw* The longitudinal differentiation of chromosomal segments by the development of special straining techniques has been one of the most exciting advances in human cytogenetics during the last four years. Prior to the quinacrine and modified Giemsa staining methods only partial differentiation of chromosome arms had been achieved. For example, in conventionally stained preparations it was possible to detect, in favorable cells, the secondary constrictions in the long arms of chromosome Nos. 1, 9 , and 16. Also, polymorphism of the stalks and satellite regions of the short arms of the acrocentrics (13, 14, 15, 21 , and' 22) 'had been. described, and family studies' revealed 'that 'the' variants were usually inherited. Autoradiography, using tritiated thymidine incorporation in the late S phase of DNA synthesis, allowed detection of segments of chromosomes which had completed synthesis later than other segments. But since there was a great deal of apparent asynchrony between homologs, the discovery of minor variants along the arms was hampered. However, the method did allow distinction between morphologically similar pairs (4 vs. 5; 13 vs. 14 vs. 15; 17 vs. 18).
The banding methods developed recently have been described in detail and will not *University of Texas Graduate School of Biomedical Sciences at Houston, Texas 77025. be repeated here (1) . A description of the mechanisms of chromosome banding and the relationship of bands to chromosome structure have been thoroughly discussed elsewhere (2, 3) .
There are four general banding patterns, called C-bands, Q-bands, G-bands, and Rbands. Table 1 gives the general techniques used for banding, the patterns which result, and selected references. Table 2 summarizes the comparison of the four banding patterns in certain regions of the chromosomes where inconsistent patterns have emerged.
The great promise of the banding techniques was the detection of minute rearrangements within the arms of the chromosomes (inversions, deletions, and duplications) as well as equal exchanges between chromosomes which did not perceptibly alter the arm lengths or arm ratios (reciprocal translocations). Evidence of this type has occurred but the accumulation has been slow. It had been hoped that many individuals with phenotypes or syndromes which suggested that a chromosomal abnormality might be present but in whom only "normal" chromosomes were found by conventional techniques would harbor a small rearrangement which could be demonstrated by finer analysis using banding methods. This hope has not yet been realized except in a few exceptional instances. 
It is the purpose of this paper to describe the present state of our knowledge of chromosomal mutations discovered by banding techniques. But before discussing the question posed by the title of the paperidentification of human diseases of cytogenetic origin-we should first look at normal variation in banding patterns of human chromosomes which are not correlated with disease or defect.
Soon after Q-bands were observed. it became obvious that there was individual variation between homologs for certain segments of certain chromosomes (1) . 
Later, an unexpectedly high -frequency of variation in C-bands was discovered- (15 One of the first applications of banding techniques of clinical significance was the confirmation that the cri-du-chat chromosome was No. 5 (21) 
An early unexpected finding from banding studies was the discovery that the Philadelphia (Ph1) chromosome of chronic myelocytic leukemia is not the No. 21 chromosome, which is trisomic in Down's syndrome, as had been previously supposed. Instead, the Ph' chromosome is autosome No. 22 (23, 24) . The earlier assumption had been based on the fact that leukocyte alkaline phosphatase levels were elevated in Down's syndrome and reduced in chronic myeloid leukemia.
Quite recently Rowley has discovered, in a series of 17 (27) reported the first large series of reanalysis using the new cytogenetic techniques. She applied the fluorescence technique to 16 individuals in 11 families who had been studied previously by routine staining methods and autoradiography. In six families, the translocation chromosomes which had been classified by group were clearly identified by Q-bands. In two families, errors in identification were corrected, and in one case a new lesion was discovered. Her studies raised the possibility of nonreciprocal translocation, since in every instance there seemed to be one segment missing from one chromosome and added to another rather than two exchanges. Thus, the dogma of the integrity of the telomeres is questioned (28 (31, 32) , and also trisomy-8 is described in the bone marrow cells of patients suffering from various hematopoietic disorders (33) . Rearrangements involving the sex chromosomes have been confirmed. An isochromosomes for the short arm of the X was verified by banding (34) . A Y-autosome translocation was demonstrated by the presence of the intensely fluorescent Y body at the end of a translocation chromosome involving the long arm of 14 (35) . A pericentric inversion of the Y was traced through four generations (36) , and an unusually long X chromosome with an interstitial C-band has been described (37) . There has also been a fruitless search for a fluorescent Y-body lurking in the karyotypes of XX males (38) . These are merely examples of the types of abnormalities in chromosomal disorders to which banding techniques have been applied. Many more have been reported but will not be discussed here. A more fertile field of investigation has been in the area of tumor chromosomes.
Banding patterns of long-term human lymphocyte lines and established cell lines have been investigated by Miller et al. (39) . The WI-38 karyotypes were indistinguishable from those of normal females, the WI-L2 (lymphoblastoid) line was pseudodiploid, and three HeLa cell line derivatives as well as D98/AG all had several marker chromosomes in common suggesting they were all derived from HeLa.
A specific banding abnormality has been discovered in Burkitt's lymphoma (40) . Among 12 individuals studied, 10 were shown to have an added Q-band (or G-band) at the end of the long arm of one No. 14. This occurred in both biopsy material and subsequent culture. It could not be determined whether the extra band originated as a translocation of a segment from another chromosome or as a duplication of a segment within No. 14. In contrast to an extra band in Burkitt's lymphoma, there is at least one missing band in some patients with retinoblastoma. Retinoblastoma is a dominantly inherited disorder which can be caused by either a germinal or somatic mutation. In 
